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The expression of cytokeratins and vimentin was investigated in epithelial cells under conditions of varied 
cell spreading and cell-cell contact. When extensive cell-cell contact was achieved in dense monolayer 
cultures, or in suspension in multicellular aggregates, the cells synthesized high levels of cytokeratins and 
low levels of vimentin. In contrast, sparse monolayer and suspension cultures, with minimal cell-cell 
contact, synthesized low levels of cytokeratins and high levels of vimentin. The ratio of cytokeratin to 
vimentin synthesis was independent of the cell cycle and was also reflected at the level of mRNA 
translational activity in vitro. Thus control of cytokeratin synthesis involves cell-cell contact, while 
vimentin synthesis responds to cell shape changes. 
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1. INTRODUCTION 
A variety of important cellular activities in- 
cluding cell proliferation [l] and differentiation [2] 
require the attachment and spreading of cells on 
extracellular matrices, which result in cell shape 
changes (review [3]). Such changes bring about re- 
sponses at the level of macromolecular metabolism 
[4-81. Since the subcellular cytoskeletal network is 
implicated primarily in determining cell shape, our 
studies on cell configuration-related macromolecu- 
lar metabolism were directed toward the investiga- 
tion of cytoskeletal protein gene expression. These 
studies strongly suggest that cytoskeletal protein 
gene expression responds to alterations in cell mor- 
phology [9-l 11. This study examined the coexpres- 
sion of intermediate filament protein genes in 
epithelial cells in culture in response to cell shape 
changes and the extent of cell-cell contact, as a 
model system for cell morphology-related regula- 
tion of gene expression. 
were seeded either on tissue culture plates or on 
plates coated with poly(2-hydroxyethylmethacry- 
late) [poly(HEMA)] as in [5]. Proteins were labeled 
with lOO&i/ml of [35S]methionine for 2 h. Total 
cell protein or Triton X-lOO-soluble and -insoluble 
fractions were prepared as in [9] and the proteins 
were analyzed on 10% or 7-17% acrylamide slab 
gels, or by two-dimensional gel electrophoresis as 
in [8]. Poly(A)-containing cytoplasmic RNA was 
prepared [7] and translated in vitro in a commer- 
cially available reticulocyte lysate [8 1. 
3. RESULTS 
3.1. Vimentin vs cytokeratin synthesis in mono- 
layer and suspension cultures of epithelial cells 
Recently we found that a variety of transformed 
2. MATERIALS AND METHODS 
MDBK cells were grown in Dulbecco’s modified 
Eagle medium plus 10% fetal bovine serum. Cells 
and non-transformed mesenchymal cells displayed 
a reversible down regulation of vimentin synthesis 
during suspension culture (3T3, SV3T3, CHO; see 
[lo]). Therefore, it was of interest to investigate 
the control of the cytokeratin-type intermediate 
filament protein synthesis in cultured epithelial 
cells that express in addition to the cytokeratin 
type filaments, also the vimentin-type mesenchy- 
mal intermediate filaments [ 121. Epithelial cells 
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(MDBK) were seeded either as a monolayer culture 
(fig. IA) or in suspension culture on poly~EMA~- 
coated culture dishes for 3 days (fig.lB), In sus- 
pension, the cells formed large, tightly packed 
aggregates that contain epitheiial specific junc- 
tional complexes of adherence and desmosomal 
type as revealed by electron microscopic analysis 
(not shown), Such monolayer (fig.lC) and suspen- 
sion (fig.lD) cell cultures were labeled for 2 h with 
~35S]methio~i~e and the Triton X-lo-insoluble 
cytoskeletal fraction ~ont~i~i~g the intermediate 
filaments was analyzed by twodimensional gel 
electrophoresis. Fig. 1 C,D demonstrates that the 
two cytokeratins nos 8 and 18, characte~sti~ to 
MDBK cells ]13f, are equally expressed in both 
monolayer and suspension culture, while vimentin 
synthesis was dr~ati~~ly reduced in suspension 
culture (fig. 1 D) as also obtained in rn~en~~yrn~ 
ceils [lo]. Thus unlike vimentin synthesis the level 
of cytokeratin synthesis is not affected by changes 
in cell shape. In the in vitro tr~sl~tion assay, 
mRNA isolated from monolayer (fig,lE) and sus- 
pension cultures (fig, IF) of MDBK cells is equally 
active in directing the synthesis of cytokeratins nos 
8 and 18, but the mRNA from suspension cultures 
is less active in directing the synthesis of actin and 
vime~tin (fig. 1F). 
3,Z. Var~a~i~~ in virne~~~n and ~y~~k~~a~~~ syn- 
thesis in sparse and deme ~~~~~~~~a~ ~~ ~P~ 
The serni~on~~e~t and suspension conditions 
described in fig.lA,B enabled the establishment of 
extensive cell-cell contact, conditions favourable 
for normal epitheli~ function, i.e., structure and 
functional pol~ization‘ Therefore, the synthesis 
of cytokeratins and vimentin was also analyzed 
F&l. Vimentin vs ~~okerati~ synthesis in monolayer (A) and 3 day suspension c&u-es (3) of MDBK eeIfs. 
~3sS~Methi~n~ne-~a~eled Trit~u~cytoskeletan from monolayer (C) and suspended cell cultures (0) and in vitro trans- 
lation products of mRNA from monolayer (E) and suspension cultures (F’). (a) Actin, (v) vimentin, (8,18) cytokeratins. 
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under conditions that limit to a minimum the ex- 
tent of cell-cell interaction such as in very sparse 
cell cultures (fig.2B) and was compared to very 
dense monolayer cultures (fig.2A) that facilitate 
cell-cell contact. Dense monolayer cultures were 
found to synthesize low levels of vimentin and high 
levels of cytokeratins (fig.2C,G) as compared to 
sparse monolayer cultures that synthesize high 
levels of vimentin and low levels of cytokeratins 
(fig.2D,H). The Triton X-lOO-soluble fractions 
from these cultures (fig.2E,F) do not contain de- 
tectable amounts of intermediate filament proteins, 
but show a reduced level of actin synthesis in dense 
cultures (fig.2E). Translation activity in vitro with 
mRNA isolated from these cultures reflects the 
shift from a high vimentin low keratin content in 
sparse monolayer culture (fig.2J), to a high cyto- 
keratin low vimentin content in dense monolayer 
culture (fig.21). Furthermore, in single cell suspen- 
sion cultures, where methylcellulose was added to 
the medium to prevent cell-cell contact, the cells 
synthesized low levels of cytokeratins as in sparse 
monolayer cultures (not shown). In addition, when 
semiconfluent MDBK cultures (fig. IA) were treated 
with inhibitors of DNA or protein synthesis for 
24-48 h, or when the cells were arrested by starva- 
tion in low serum and then stimulated into growth 
with 10% serum, there was no change in the ratio 
of cytokeratins to vimentin synthesis (similar to 
fig. 1C). The results from fig.l,2 thus suggest that 
Fig.2. Vimentin vs cytokeratin synthesis in dense (A) vs sparse (B) cell cultures. [“SlMethionine-labeled proteins from 
Triton X-lOO-insoluble fractions from dense (C,G) and sparse (D,H) monolayer cultures and from the Triton 
X-lOO-soluble fraction of dense (E) and sparse (F) cultures. In vitro translation products from dense (I) and sparse (J) 
cultures. 
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the regulation of intermediate filament protein 
synthesis does not simply correlate with the rate of 
growth, but rather cytokeratin synthesis is mediated 
by cell-cell contact while vimentin synthesis is 
sensitive to cell shape changes. 
4. DISCUSSION 
This study demonstrates a differential control of 
cytokeratin and vimentin synthesis in epithelial 
cells where both intermediate filaments are ex- 
pressed. The cell shape-dependent control of 
vimentin synthesis is thus common to both mesen- 
chymal cells [IO] and epithelial cells (here) and the 
presence of the cytokeratin-type network in the 
same cell does not affect the cell configuration- 
related control of vimentin synthesis. Thus in sus- 
pension culture (fig.lB) of most cell types, or in 
very dense monolayers of epithelial cells, where the 
projected cell area is drastically reduced (fig.2A), 
vimentin synthesis is inhibited. Similarly, the cell- 
cell interaction related control of cytokeratin syn- 
thesis is also observed in epithelial cells that lack 
vimentin such as MCF-7 cells [ 141, suggesting that 
the two intermediate filament-type proteins are 
differentially regulated whether expressed in dif- 
ferent cell types or coexpessed in the same cell. 
While coexpression of vimentin and cytokeratins 
in epithelia in vivo is very rare, recent studies on 
the parietal endoderm of the mouse embryo [ 151 
and on certain neoplastic cells of epithelial origin 
[ 161 demonstrated such coexpression in individual 
populations and/or in motile cells. The desmo- 
some-type intercellular junctions observed in dense 
monolayer and suspension cultures of epithelial 
cells are most relevant to this study, since cyto- 
keratin fibrils often terminate in the desmosomal 
plaques at the intercellular boundary [ 171. The for- 
mation of desmosomes in epithelia and in em- 
bryonal development is usually accompanied by 
the formation of cytokeratin-type intermediate 
filaments that anchor at the desmosomal plaques 
[18]. This is compatible with the present study 
where extensive cell-cell interaction induces the 
synthesis of cytokeratins. 
The recently molecularly characterized esmoso- 
ma1 plaque proteins [ 191 connecting the cytokeratin 
filaments to the plasma membrane constitute to- 
gether with the cytokeratins a useful system for the 
study of structurally linked cytoskeletal elements 
110 
that respond to cell-cell interaction and cell shape 
changes, and a model system for investigation 
cytoarchitecture and differentiation-related gene 
expression. 
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